183
In order to evaluate the four variables with together on conversion, selectivity and yield the 184 perturbation curve was used. The model can be used to compare the effect of main factors in design
185
point. Figure S5 shows the perturbation curve for all three responses. Steep or curved graph
186
indicates that the response is sensitive to main factors. Accordingly, as shown in Figure S5 in the
187
Supplementary Material, in order to achieve maximum olefin yield and LPG conversion, 
190
sensitive to these parameters. For selectivity, these parameters are fewer.
191
In order to study the interactive effect of these four factors on olefin yield, 3D and contour plot 
216
To investigate the behavior of catalytic performance of zeolite in external electric field, not only
217
it is necessary to know the properties, chemical composition and structure of zeolite, but also the 
228
The real part is (permittivity) and describe the energy storage in dipolar cells. The imaginary part 229 is " . (dielectric loss) which is attributed to internal friction in zeolite. Permittivity is a criterion for 230 energy storage within zeolite dipoles, and dielectric loss is a criterion for energy loss in the zeolite 231 originated from internal friction.
232
To relate catalytic activity to electrical properties, these properties were investigated. To the best 
241
The effect of temperature on dielectric constant and loss factor are presented in Figure 2 . The 242 permittivity increases with increasing temperature. As shown in Figure 2a , 
249
The catalytic activity is increased with temperature under electric field with high intensity. gap were 2.1 eV and 2.95 eV, respectively. As a result, Chromium decreases the electronic band gap.
318
As it can be seen in Figure 4b decrease from 2.95 eV to 2.1 eV occurs when impregnation is between 319 0.5 wt.% to 7.5 wt.%. Activation the lattice oxygen and mobility of oxygen species of surface and 320 lattice are important factors in determination of olefins selectivity in alkanes oxidative 321 dehydrogenation [42] . As shown in Table 2 , there is a relation between olefin yield and band gap.
322
Olefin yield increases with decrease in band gap since lattice oxygen mobility increases by reducing Catalytic activity can relate to the Fermi level position and electrical properties. F S E =F S +V S (E)
334
where, Fs(E) is location of fermi level in the presence of external electric field, E is intensity of electric field, Fs is location of fermi level in conventional reaction, and Vs(E) is bending in energy 367 bands. By inserting catalyst in external electric field, reaction rate increases [21] ; it is a character of 368 donor process. Bending energy bands, Vs (E), is described as follow:
where, q is elementary charge and L is Debye screening length which is determined with 370 concentration of current carrier (p) and dielectric constant of catalyst.
371
L=( εε 0 kT q 2 p )
where, T is temperature, k is Stefan Boltzmann constant, ε and ε0 are permittivity of catalyst and 372 free space, respectively. Table 2 shows Fermi level and electronic property in conventional reaction
373
and reaction along with external electric field. As indicated in the electric field, the Fermi level
374
increases and leads to increase in olefin yield. Zeolite band gap can be related to catalytic activity.
375
The fermi level in the conventional reaction and reaction along with external electric field are 376 presented in Table 2 . 
425
Q= 
447
The alkanes, alkenes, CO2, CO and other products were detected with Gas Chromatograph (GC)
448
equipped with a 6 m Porapak Q packed column and a Flame Ionization Detector (FID). The gaseous 449 products were analyzed on-line using a second GC equipped with a Thermal Conductivity Detector
450
(TCD) and a carbon molecular sieve 601 column. Olefin yield, LPG conversion and selectivity were 451 calculated using the following equations. 
Experimental design

455
A Central Composite Design (CCD) was used to achieve optimal conditions for four main 456 parameters and interactions between these parameters. In this research, the main parameters were 457 temperature, electrical current, gap distance and metal loading, shown with X1-X4, respectively.
458
Temperature (X1) range 550-700 °C, electrical current (X2) range 0-12 mA, gap distance (X3) range 459 6-14 mm and metal loading (X4) range 0.5-7.5 wt.% were selected as presented in Table 3 . Based on where N, k and x0 are total experiments, main parameters and repetition of center point,
462
respectively. The effects of each variable were investigated at five levels: -α, -1, 0, +1 and α, as shown 463 in 
482
were also investigated for the percentage variability of optimal parameters obtained by the model.
483
To relate the response variables to main factors, surface and contour plots were used. 
